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1. ࡣࡌࡵ࡟
⮬↛⏺䛾Ꮡᅾ䛩䜛ከ✀ከᵝ䛺⏕≀✀䛿䠈䛭䛾⏕⫱⎔ቃ䜔㐍໬䛻ᛂ䛨䛶ᵝ䚻䛺஧ḟ௦ㅰ⏘≀䠈䛩䛺䜟䛱ኳ↛≀䜢
⏘⏕䛩䜛䛣䛸䛜▱䜙䜜䛶䛔䜛䠊ኳ↛≀䛿ே▱䛾ཬ䜀䛺䛔䝴䝙䞊䜽䛺໬Ꮫᵓ㐀䛸⯆࿡῝䛔⏕≀άᛶ䜢♧䛩䜒䛾䛜ከ䛟
ሗ࿌䛥䜜䛶䛚䜚䠈་⸆ရ䛾䝸䞊䝗໬ྜ≀䜔⏕࿨⌧㇟ゎ᫂䛾䛯䜑䛾◊✲⏝ヨ⸆䠄䜿䝭䜹䝹䝒䞊䝹䠅䛺䛹䛸䛧䛶ᛂ⏝䛥䜜䠈
ྛ✀⑌ᝈ἞⒪䜔⏕࿨⛉Ꮫ◊✲䛾᥎㐍䛻኱䛝䛟㈉⊩䛧䛶䛝䛯 1䠊
ᡃ䚻䛿䠈䛜䜣⑌ᝈ䛻㛵䜟䜛䝅䜾䝘䝹ఏ㐩䛻స⏝䛩䜛ኳ↛≀䛾Ⓨぢ䜢┠ᣦ䛧䠈䝇䜽䝸䞊䝙䞁䜾◊✲䜢⾜䛳䛶䛚䜚䠈᭷
⏝䛺⏕≀άᛶศᏊ䛾๰〇䜢┠ᣦ䛧䛶䛔䜛䠊ᮏ✏䛷䛿䛜䜣⑌ᝈ䜢䛿䛨䜑䠈ᵝ䚻䛺⑌ᝈ䜔⏕࿨⌧㇟䛻㛵୚䛩䜛䛣䛸䛜▱
䜙䜜䛶䛔䜛䜴䜲䞁䝖䠄Wnt䠅䝅䜾䝘䝹䛻╔┠䛧䛯⏕≀άᛶኳ↛≀䛾᥈⣴◊✲䛻䛴䛔䛶⤂௓䛩䜛䠊
2. Wntࢩࢢࢼࣝ࡜ࡣ
Wnt 䝅䜾䝘䝹䛿䠈⥺⹸䠈䝅䝵䜴䝆䝵䜴䝞䜶䠈䝊䝤䝷䝣䜱䝑䝅䝳䠈䝬䜴䝇䛚䜘䜃䝠䝖䛻⮳䜛䜎䛷ᵝ䚻䛺⏕≀✀䛻ಖᏑ䛥䜜䛶
䛔䜛䝅䜾䝘䝹ఏ㐩⤒㊰䛷䠈ึᮇⓎ⏕䛻䛚䛡䜛య㍈ᙧᡂ䛛䜙ྛ✀⤌⧊䞉ჾᐁ䛾ᙧែᙧᡂ䠈⣽⬊䛾ศ໬䞉ቑṪ䠈⤌⧊ᖿ
⣽⬊䛾⥔ᣢ䠈Ⓨ䛜䜣䛻䛚䛡䜛ᵝ䚻䛺⏕࿨⌧㇟䛾㐣⛬䛻䛚䛔䛶ከᙬ䛛䛴㔜せ䛺ᙺ๭䜢ᢸ䛳䛶䛔䜛䠊Wnt䛿ศᏊ㔞⣙ 4
୓䛾ศἪᆺ⢾䝍䞁䝟䜽䛷䛒䜚䠈့ங㢮䛻䛚䛔䛶䛿⌧ᅾ䜎䛷䛻 19✀䛾Wnt 䝣䜯䝭䝸䞊䛜▱䜙䜜䛶䛔䜛䠊ᮏ䝅䜾䝘䝹⤒㊰
䛿䠈1䠅β-catenin/TCF䠄T-cell factor䠅䜢௓䛧䛶ᶆⓗ㑇ఏᏊ䛾Ⓨ⌧䜢ㄪ⠇䛩䜛 Wnt/β-catenin ⤒㊰䠈2䠅⣽⬊㦵᱁⣔䛾ไ
ᚚ䛻㛵୚䛩䜛⣽⬊ෆᖹ㠃ᴟᛶ䠄PCP䠅⤒㊰䠈3䠅⣽⬊䛾᥋╔䠈㐠ື䛻㛵୚䛧䛶䛔䜛Wnt/Ca2+⤒㊰䛾୕䛴䛜▱䜙䜜䛶䛔
䜛䠊β-catenin/TCF ⤒㊰䛿ྂ඾ⓗ⤒㊰䛸䜒࿧䜀䜜 β-catenin 䛻౫Ꮡ䛩䜛䛜䠈௚䛾஧䛴䛿 β-catenin 䛻౫Ꮡ䛧䛺䛔䠊
β-catenin䛿cadherin⤖ྜ䝍䞁䝟䜽䛸䛧䛶ྠᐃ䛥䜜䠈⣽⬊᥋╔䛻䛚䛔䛶㔜せ䛺ᙺ๭䜢ᢸ䛳䛶䛔䜛୍᪉䛷䠈β-catenin/TCF
⤒㊰䛻䛚䛔䛶䛿䝯䝕䜱䜶䞊䝍䞊䛸䛧䛶ᶵ⬟䛧䠈Wnt 䝅䜾䝘䝹䛾ᶆⓗ㑇ఏᏊ䛾㌿෗ㄪ⠇䛻㛵䜟䜛䠊䛣䛾䛖䛱䠈ᮏ✏䛷䛿
β-catenin/TCF⤒㊰䛻╔┠䛧䛶䛔䜛䠊
Wnt䝸䜺䞁䝗䝍䞁䝟䜽䛜䛺䛔≧ែ䛩䛺
䜟䛱Wnt䝅䜾䝘䝹䛜 OFF䛾≧ែ䛻
䛚䛔䛶䠈⣽⬊㉁ෆ䛾 β-catenin 䛿
casein kinase-1α䠄CK1α䠅䠈glycogen 
synthase kinase 3β䠄GSK3β䠅䠈Axin䠈
adenomatous polyposis coil䠄APC䠅䛺
䛹䛸」ྜయ䠄β-catenin ศゎ」ྜయ䠅
䜢ᙧᡂ䛧䠈2 䛴䛾䜻䝘䞊䝊 CK1α䠈
GSK3β 䛻䜘䜛䝸䞁㓟໬䜢ཷ䛡䠈䝥䝻
䝔䜰䝋䞊䝮⣔䛻䛚䛔䛶ศゎ䛥䜜䜛䠊
୍᪉ Wnt 䝸䜺䞁䝗䝍䞁䝟䜽䛜Ꮡᅾ䛩
䜛䠈䛩䛺䜟䛱Wnt䝅䜾䝘䝹䛜 ON䛾
≧ែ䛻䛚䛔䛶䠈Wnt 䝍䞁䝟䜽䛜 ᅗ 1㻌 Wnt䝅䜾䝘䝹⤒㊰
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frizzled䠄Fz䠅ཷᐜయ䛚䜘䜃ඹཷᐜయ䛷䛒䜛 lipoprotein-related protein 5/6䠄LRP5/6䠅䛻⤖ྜ䛩䜛䛸䠈β-catenin䛾䝸䞁㓟໬䠈
䝥䝻䝔䜰䝋䞊䝮⣔䛻䜘䜛ศゎ䛜ᢚไ䛥䜜䠈⣽⬊ෆ䛻 β-catenin 䛜⵳✚䛥䜜䜛䠊⵳✚䛧䛯 β-catenin 䛿䛭䛾ᚋ䠈᰾ෆ䜈⛣
⾜䛧TCF䛸」ྜయ䜢ᙧᡂ䛧䠈ᶆⓗ㑇ఏᏊ䛷䛒䜛 c-myc䠈cyclin D1䠈PPARδ䠈COX-2䛺䛹䛾㌿෗䛜ஹ㐍䛥䜜䜛䠄ᅗ 1䠅2-4䠊
ᮏ䝅䜾䝘䝹䛿๓㏙䛾䜘䛖䛻ึᮇⓎ⏕䜔⤌⧊䞉ჾᐁᙧᡂ䛺䛹䛾㔜せ䛺⏕࿨⌧㇟䛻㛵䜟䛳䛶䛔䜛୍᪉䛷䠈኱⭠䛜䜣䜢
䛿䛨䜑䛸䛩䜛✀䚻䛾䛜䜣⑌ᝈ䛻䛚䛡䜛␗ᖖஹ㐍䛜ሗ࿌䛥䜜䛶䛔䜛䠊䜎䛯䠈⢾ᒀ⑓䜔⢭⚄⑌ᝈ䛺䛹ྛ✀⑌ᝈ䛸䛾㛵䜟䜚
䜒♧၀䛥䜜䛶䛔䜛䠊䛣䛾䜘䛖䛺⫼ᬒ䛛䜙Wnt䝅䜾䝘䝹䛻స⏝䛩䜛໬ྜ≀䛿་⸆ရ䝸䞊䝗໬ྜ≀䜔ྛ✀⏕࿨⌧㇟䜢◊✲
䛩䜛ୖ䛷䛾ศᏊ䝒䞊䝹䛸䛺䜛䛣䛸䛜ᮇᚅ䛥䜜䜛䠊
3. Wnt䝅䜾䝘䝹䜢ᶆⓗ䛸䛧䛯䝇䜽䝸䞊䝙䞁䜾 5
ᙜ◊✲ᐊ䛷⊂⮬䛻ᵓ⠏䛧䛯ኳ↛㈨※ᢳฟ≀䝷䜲䝤䝷䝸䞊䛾䛖䛱䠈䝞䞁䜾䝷䝕䝅䝳䛚䜘䜃䝍䜲䛻䛶᥇ྲྀ䛧䛯᳜≀ᢳฟ
≀䜢ᑐ㇟䛸䛧䛶䠈TOPFlash/FOPFlash䝹䝅䝣䜵䝷䞊䝊䜰䝑䝉䜲䝅䝇䝔䝮 5䜢⏝䛔䛶Wnt䝅䜾䝘䝹䜢ホ౯䛧䛯䠊ᮏ䜰䝑䝉䜲
䝅䝇䝔䝮䛿䠈㔝⏕ᆺ TCF ⤖ྜ㡿ᇦ䠄CCTTTGATC䠅䜢䜒䛴 SuperTOPFlash 䝺䝫䞊䝍䞊㑇ఏᏊ䜢䝠䝖⫾ඣ⭈⣽⬊
HEK293䛻Ᏻᐃᑟධ䛧䛯 STF/293⣽⬊䜢⏝䛔䛯䠊ヨᩱῧຍ䛻䜘䜛䝹䝅䝣䜵䝷䞊䝊άᛶ䠄TOPάᛶ䠅䛾ኚ໬䜢 ᐃ䛩䜛
䛣䛸䛻䜘䜚 Wnt 䝅䜾䝘䝹䛾᭱ୗὶ䛻఩⨨䛩䜛 TCF/β-catenin ㌿෗άᛶ䛾ホ౯䛜ྍ⬟䛷䛒䜛䠊ᮏ⣽⬊䛿ෆᅾᛶ
β-catenin㔞䛜ప䛔䛯䜑䠈䛭䛾䜎䜎ヨ㦂䛻⏝䛔䜛䛸 TOPάᛶ䛜ᑠ䛥䛔䠊䛭䛾䛯䜑䠈ヨᩱῧຍ䛾㝿GSK3β㜼ᐖ๣䛷䛒䜛
LiCl䜢䛒䜟䛫䛶ῧຍ䛩䜛䛣䛸䛻䜘䜚䠈β-catenin䛾ศゎ䜢ᢚไ䛧䠈TOPάᛶ䜢่⃭䛧䛯᮲௳䛷ヨ㦂䜢⾜䛳䛯䠊䜎䛯䠈⣽⬊
ᩘ䛾ῶᑡ䛻䜘䜚䝹䝅䝣䜵䝷䞊䝊άᛶ䛜పୗ䛩䜛ྍ⬟ᛶ䜢㝖እ䛩䜛┠ⓗ䛷䠈⣽⬊⏕Ꮡ⋡䜒䛒䜟䛫䛶ホ౯䛧䛯䠊
㑅ู䛥䜜䛯Ⰻዲ䛺άᛶ䜢♧䛩໬ྜ≀䛻䛴䛔䛶䛿䠈␲㝧ᛶ䜢㝖䛟┠ⓗ䛷䠈ኚ␗ᆺ TCF ⤖ྜ㡿ᇦ䠄CCTTTGGCC䠅䜢
䜒䛴 SuperFOPFlash
䜢୍㐣ᛶᑟධ䛧䛯⣽
⬊䜢⏝䛔䛯䝹䝅䝣䜵
䝷䞊䝊άᛶ䠄FOP ά
ᛶ䠅䜢䛒䜟䛫䛶ホ౯
䛧䛯䠊㝧ᛶヨᩱ䛷䛒
䜜䜀䠈FOPάᛶ䛻ᙳ
㡪䛩䜛䛣䛸䛺䛟 TOP
άᛶ䛾䜏䜢㑅ᢥⓗ
䛻ῶᑡ䛥䛫䜛䛸⪃䛘
䜙䜜䜛䠊䛧䛛䛧䠈ഇ㝧
ᛶヨᩱ䛾ሙྜ䠈䝹䝅
䝣䜵䝷䞊䝊䛯䜣䜁䛟
䛾Ⓨ⌧䜔ศゎ䛺䛹䛻
ᙳ㡪䛩䜛䛸⪃䛘䜙䜜䠈TOP άᛶ䛸䛸䜒䛻 FOP άᛶ䜒పୗ䛩䜛䛣䛸䛜⪃䛘䜙䜜䜛䠊䛧䛯䛜䛳䛶 FOP άᛶ䛚䜘䜃⣽⬊⏕Ꮡ
⋡䜢ኚ໬䛥䛫䜛䛣䛸䛺䛟䠈TOPάᛶ䛾䜏䜢ῶᑡ䛥䛫䜛䜒䛾䛜TCF/β-catenin㌿෗㜼ᐖ䠄Wnt䝅䜾䝘䝹㜼ᐖ䠅άᛶ䜢䜒䛴䜒
䛾䛸ุ᩿䛷䛝䜛䠄ᅗ 2䠅䠊
ᡃ䚻䛿 TOPάᛶ䜢ᣦᶆ䛸䛧䛯䝇䜽䝸䞊䝙䞁䜾䛻䛚䛔䛶㜼ᐖస⏝䠈䜎䛯䛿άᛶ໬స⏝䜢♧䛩ᩘ✀䛾᳜≀ᢳฟ≀䜢ぢ
ฟ䛧䛯䠊ḟ䛻䛣䜜䜙䛾ᢳฟ≀䛛䜙ᚓ䛯άᛶᡂศ䛸䛭䜜䜙䛾Wnt䝅䜾䝘䝹㜼ᐖάᛶ䛻䛴䛔䛶⤂௓䛩䜛䠊
ᅗ 2㻌 Wnt䝅䜾䝘䝹⤒㊰
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4. Calotropis gigantea䛛䜙ᚓ䜙䜜䛯Wnt䝅䜾䝘䝹㜼ᐖᡂศ 6
䜺䜺䜲䝰⛉᳜≀ Calotropis gigantea䠄࿴ྡ䠖䜹䜲䜺䞁䝍䝞䝁䠅䛿ᖖ⥳పᮌ䛷䜰䝆䜰䠈䜰䝣䝸䜹䛾⇕ᖏ䠈ள⇕ᖏᇦ䛻ᗈ䛟
ศᕸ䛩䜛䠊ᮏ᳜≀䛾ⁱฟᾮ䝯䝍䝜䞊䝹ᢳฟ≀䛿䠈䝇䜽䝸䞊䝙䞁䜾ヨ㦂䛻䛚䛔䛶 5 μg/mL䛾⃰ᗘ䛷TOPάᛶ䜢䜋䜌䝊䝻
䛻పୗ䛥䛫䛯䛜䠈⣽⬊⏕Ꮡ⋡䛾㢧ⴭ䛺పୗ䛿ㄆ䜑䜙䜜䛺䛛䛳䛯䠊௚䛾ᢳฟ≀䛻ẚ䜉䜘䜚ప⃰ᗘ䛷 TOP㜼ᐖάᛶ䜢
♧䛧䛯䛣䛸䛛䜙䠈ᙉຊ䛺άᛶ໬ྜ≀䛾Ꮡᅾ䛜ᮇᚅ䛥䜜䠈䛭䛾ᡂศ᥈⣴䜢⾜䛳䛯䠊䝯䝍䝜䞊䝹ᢳฟ≀䜢⁐፹ศ㓄䛧䛶ᚓ
䜙䜜䛯㓑㓟䜶䝏䝹ྍ⁐㒊䛻άᛶ䛜ㄆ䜑䜙䜜䛯䛣䛸䛛䜙䠈άᛶヨ㦂䜢ᣦᶆ䛸䛧䛶䠈䝅䝸䜹䝀䝹䠈ODS䜹䝷䝮䛻䜘䜛䛥䜙䛺䜛
ศ⏬䜢㐍䜑䛯䠊䛭䛾⤖ᯝ䠈භ✀䛾䜹䝹䝕䝜䝷䜲䝗㢮 (1–6)䜢༢㞳䛧䠈᰾☢Ẽඹ㬆䠄NMR䠅䛚䜘䜃㉁㔞ศᯒ䠄MS䠅䛺䛹䛾
䝇䝨䜽䝖䝹䝕䞊䝍䛾ゎᯒ䛚䜘䜃ᩥ⊩್䛸䛾ẚ㍑䛻䜘䜚䛣䜜䜙䛾໬Ꮫᵓ㐀䜢Ỵᐃ䛧䛯䠄ᅗ 3䠅䠊䛣䜜䜙䛿ᕥഃ䛾 3’఩䛾⨨
᥮ᇶ䛜䛭䜜䛮䜜␗䛺䛳䛶䛔䛯䛜䠈10఩䛻䜰䝹䝕䝠䝗ᇶ䜢䜒䛴ඹ㏻䛩䜛㦵᱁䜢䜒䛴䠊
䛣䜜䜙໬ྜ≀䛿 nM䜸䞊䝎䞊䛷 TOPάᛶ䜢㜼ᐖ䛧䠈䛭䛾 IC50್䛿 0.7–3.8 nM䛷䛒䛳䛯䛜䠈FOPάᛶ䜢㢧ⴭ䛻ప
ୗ䛥䛫䜛䛣䛸䛿䛺䛛䛳䛯䠊䜎䛯䠈1䠈3䠈5䠈6 䛿⣽⬊⏕Ꮡ⋡䜢పୗ䛥䛫䜛䛣䛸䛺䛟䠈TOP άᛶ䜢పୗ䛥䛫䛶䛔䛯䛣䛸䛛䜙䠈
TCF/β-catenin㌿෗㜼ᐖάᛶ䜢᭷䛧䛶䛔䜛䛸ุ᫂䛧䛯䠄ᅗ 3䠅䠊୍᪉䠈2 䛸 4䛻䛴䛔䛶䛿 TOPάᛶ䛾 IC50್௜㏆䛾⃰ᗘ
䛻䛚䛔䛶ヨ㦂䛻⏝䛔䛯STF/293⣽⬊䛾⣽⬊⏕Ꮡ⋡䛾పୗ䛜ㄆ䜑䜙䜜䛯䛣䛸䛛䜙䠈TOPάᛶ䛾ῶᑡ䛿䠈TCF/β-catenin
㌿෗㜼ᐖ䛻㉳ᅉ䛩䜛䜒䛾䛷䛿䛺䛟䠈⣽⬊ᩘ䛾ῶᑡ䛻䜘䜛䜒䛾᥎ᐃ䛧䛯䠊
ḟ䛻⣽⬊ቑṪ䛜Wnt䝅䜾䝘䝹䛻౫Ꮡ䛧䛶䛔䜛኱⭠䛜䜣⣽⬊䛻ᑐ䛩䜛 1–6䛾ᙳ㡪䜢ㄪ䜉䛯䠊䛣䛣䛷䛿䠈APC䛾Ḟኻ
ኚ␗ᰴ䛷䛒䜛 SW480䛚䜘䜃 DLD1⣽⬊䛸䠈β-catenin䛻ኚ␗䜢䜒䛴HCT116⣽⬊䜢⏝䛔䛯䠊ẚ㍑ᑐ㇟䛸䛧䛶Wnt䝅䜾
䝘䝹㠀౫Ꮡᛶ䛾኱⭠䛜䜣 RKO⣽⬊䜢⏝䛔䛯䠊Wnt 䝅䜾䝘䝹䜢㜼ᐖ䛩䜛໬ྜ≀䛿Wnt㠀౫Ꮡᛶ⣽⬊䛻䛿ᙳ㡪䛩䜛
䛣䛸䛺䛟䠈Wnt౫Ꮡᛶ⣽⬊䛻ᑐ䛧䛶䛭䛾⣽⬊⏕Ꮡ⋡䜢㑅ᢥⓗ䛻పୗ䛥䛫䜛䛸⪃䛘䜙䜜䜛䠊
භ✀䛾໬ྜ≀䛾䛖䛱䠈஬✀ (1䠈3–6)䛿 1-10 nM 䛾⃰ᗘ䛻䛚䛔䛶 RKO ⣽⬊䛾⣽⬊⏕Ꮡ⋡䜢పୗ䛥䛫䜛䛣䛸䛺䛟䠈
Wnt౫Ꮡᛶ䛾 SW480䠈DLD1䠈HCT116⣽⬊䛾⣽⬊⏕Ꮡ⋡䜢పୗ䛥䛫䛯䠄IC50್䠖1.8–7.0 nM䠅䠊䛣䛾⤖ᯝ䛛䜙䠈1䠈3䠈
5䠈6䛻䜘䜛Wnt䝅䜾䝘䝹౫Ꮡᛶ⣽⬊䛾⏕Ꮡ⋡䛾పୗ䛿䠈Wnt䝅䜾䝘䝹䛻㉳ᅉ䛩䜛䜒䛾䛸♧၀䛥䜜䛯䠊
ᅗ 3㻌 ໬ྜ≀ 1-6䛾ᵓ㐀ᘧ䠈TCF/䃑-catenin㌿෗㜼ᐖస⏝
㸫㸫
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䛣䛾䛖䛱 calotropin (1)䛾Wnt䝅䜾䝘䝹㜼ᐖస⏝䛾ศᏊᶵᵓ䛾ゎ᫂䜢┠ⓗ䛸䛧䛶Wnt䝅䜾䝘䝹㛵㐃䝍䞁䝟䜽䜈䛾ᙳ
㡪䜢᳨ウ䛧䛯䠊䛿䛨䜑䛻䠈Wnt䝅䜾䝘䝹䛾ㄪ⠇䛻㔜せ䛺㌿෗άᛶ໬ᅉᏊβ-catenin䜈䛾ᙳ㡪䜢䜴䜵䝇䝍䞁䝤䝻䝑䝖䛻䜘䜚
ㄪ䜉䛯䠊䛭䛾⤖ᯝ䠈SW480 ⣽⬊䛻䛚䛔䛶 1 䛿⃰ᗘ౫Ꮡⓗ䛻 β-catenin 䜢ῶᑡ䛥䛫䛶䛚䜚䠈᰾ෆ䛚䜘䜃⣽⬊㉁䛻䛚䛔
䛶䜒ῶᑡ䛜ㄆ䜑䜙䜜䛯䠄ᅗ 4A䠅䠊β-catenin䛿䠈๓㏙䛾䜘䛖䛻⣽⬊㉁ෆ䛻䛚䛔䛶 2䛴䛾䜻䝘䞊䝊 CK1α䠈GSK3β䛻䜘䛳
䛶䝸䞁㓟໬䛥䜜䠈䝥䝻䝔䜰䝋䞊䝮
⣔䛻䜘䜚ศゎ䛥䜜䜛䠊୍᪉䠈ศゎ
䛥䜜䛺䛔 β-catenin䛿᰾ෆ䜈⛣⾜
䛧䠈TCF䛺䛹䛾ศᏊ䛸」ྜయ䜢ᙧ
ᡂᚋ䠈DNA 䛻⤖ྜ䛧䠈Wnt 䝅䜾
䝘䝹䛾ᶆⓗ㑇ఏᏊ䛾㌿෗䜢ஹ
㐍䛩䜛䠊䜒䛧䠈TCF/β-catenin ㌿
෗㜼ᐖάᛶ䜢䜒䛴໬ྜ≀䛜䠈᰾
ෆ β-catenin䛾䜏䜢ῶᑡ䛥䛫䛯ሙྜ䠈A) β-catenin䛾᰾ෆ⵳✚䛾ᢚไ䛜Wnt䝅䜾䝘䝹㜼ᐖ䠄TCF/β-catenin㌿෗㜼ᐖ䠅
䛾స⏝ᶵᗎ䛸⪃䛘䜙䜜䜛䠊⣽⬊㉁䛚䜘䜃᰾䛾୧᪉䛷 β-catenin 䜢ῶᑡ䛥䛫䛺䛔ሙྜ䛿䠈B) ᰾ෆ䛻䛚䛔䛶 TCF 䛺䛹䛸
䛾」ྜయᙧᡂ䛾㜼ᐖ䠈䜒䛧䛟䛿ᶆⓗ㑇ఏᏊ䛾䝥䝻䝰䞊䝍䞊㡿ᇦ䛻䛚䛡䜛㌿෗ㄪ⠇㡿ᇦ䛸䛾⤖ྜ䛾㜼ᐖ䛜୺䛺స⏝
ᶵᗎ䛸⪃䛘䜙䜜䜛䠊䛧䛛䛧 calotropin (1)䛿䠈᰾ෆ䛚䜘䜃⣽⬊㉁䛾཮᪉䛻䛚䛔䛶β-catenin䜢ῶᑡ䛥䛫䛯䛣䛸䛛䜙䠈A)䠈B)
䛾ᶵᵓ䛷䛿䛺䛟䠈C) ⣽⬊㉁ෆ䛻䛚䛔䛶 β-catenin 䜢ῶᑡ䛥䛫䠈䛭䛾⤖ᯝ䛸䛧䛶᰾ෆ⛣⾜䛩䜛 β-catenin 䛜ῶᑡ䛧 Wnt
䝅䜾䝘䝹䠄TCF/β-catenin㌿෗䠅䛜㜼ᐖ䛥䜜䜛䜒䛾䛸⪃䛘䜙䜜䛯䠊1䛻䜘䜛Wnt䝅䜾䝘䝹䛾㜼ᐖ䛿䠈ᮏ䝅䜾䝘䝹䛾ᶆⓗ㑇
ఏᏊ䛷䛒䜛 c-myc 䝍䞁䝟䜽䝺䝧䝹䛜䠈1 䛾⃰ᗘ䛻౫Ꮡ䛧䛶పୗ䛧䛶䛔䛯䛣䛸䛛䜙䜒ᨭᣢ䛥䜜䛯䠊⣽⬊㉁ෆ䛷 β-catenin
䛜ῶᑡ䛩䜛せᅉ䛸䛧䛶䠈䝥䝻䝔䜰䝋䞊䝮䝅䝇䝔䝮䛻䛚䛡䜛 β-catenin 䛾ศゎಁ㐍䛜⪃䛘䜙䜜䜛䛣䛸䛛䜙䠈䝥䝻䝔䜰䝋䞊䝮
㜼ᐖ๣䛷䛒䜛MG-132䜢⏝䛔䛶᳨ウ䜢⾜䛳䛯䠊1䛾䜏䛾ῧຍ䛷䛿 β-catenin䛿ῶᑡ䛧䛯䛜䠈1 䛸MG-132 䛸䜢ే⏝䛩䜛
䛸 β-catenin䛾ῶᑡ䛿ㄆ䜑䜙䜜䛺䛛䛳䛯䛣䛸䛛䜙䠄ᅗ 4B䠅䠈1䛻䜘䜚䝥䝻䝔䜰䝋䞊䝮⣔䛻䛚䛡䜛 β-cateninศゎ䛜ಁ㐍䛥䜜
䛯䛸⪃䛘䜙䜜䛯䠊
APC➼䛸䛾 β-cateninศゎ」ྜయෆ䛻䛚䛔䛶䠈䝥䝷䜲䝭䞁䜾䜻䝘䞊䝊 CK1α䛻䜘䜚 β-catenin 䛾 Ser45ṧᇶ䛜䝸䞁㓟
໬䛥䜜䜛䛸䠈GSK3β䛿 β-catenin䛾 Thr41/Ser37/Ser33ṧᇶ䜢㡰ḟ䝸䞁㓟໬䛩䜛䠊Ser37䠈Ser33䛾䝸䞁㓟໬䜢┠༳䛸䛧䛶
β-transducin repeat containing protein䠄β-TrCP䠅䛻䜘䜚 β-catenin䛿䝫䝸䝴䝡䜻䝏䞁໬䛥䜜䠈䝥䝻䝔䜰䝋䞊䝮⣔䛷ศゎ䛥䜜
䜛 2䠊
ᅗ 4㻌 1䛿䝥䝻䝔䜰䝋䞊䝮⣔䜢௓䛧䛶 β-catenin 䜢ศゎ䛩䜛
A) SW480⣽⬊䛻䛚䛔䛶 1䛿⃰ᗘ౫Ꮡⓗ䛻 β-catenin䛚䜘䜃 c-myc 䜢ῶᑡ䛥䛫䛯
B) 1䛾 β-cateninศゎ䛿䝥䝻䝔䜰䝋䞊䝮㜼ᐖ๣ MG-132䛻䜘䜚ጉ䛢䜙䜜䛯
ᅗ 5㻌 1ࡢ SW480⣽⬊࡟࠾ࡅࡿ β-cateninࡢศゎ㸪ࣜࣥ㓟໬࡟ᑐࡍࡿᙳ㡪
A) LiClࢆ⏝࠸ࡓ᳨ウ B) CKI-7ࢆ⏝࠸ࡓ᳨ウ C) CK1α siRNAࢆ⏝࠸ࡓ᳨ウ
㸫㸫
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䛣䛾䛣䛸䜢䜅䜎䛘䠈ḟ䛻 1 䛾 β-catenin 䝸䞁㓟໬䜈䛾ᙳ㡪䛻䛴䛔䛶ゎᯒ䜢⾜䛳䛯䛸䛣䜝䠈1 䛿 β-catenin 䛾 Ser45䠈
Ser33/Ser37/Thr41䛾䝸䞁㓟໬䜢ಁ㐍䛧䠈䛭䛾⤖ᯝ β-catenin䜢ῶᑡ䛥䛫䛯䠊GSK3β㜼ᐖ๣䛷䛒䜛 LiCl 䛸 1 䛸䜢ే⏝䛩
䜛䛸䠈β-catenin䛾 GSK3β䛻䜘䜛 Ser33/Ser37/Thr41 䝸䞁㓟໬䛿ᡴ䛱ᾘ䛥䜜䛯䛜䠈CK1α䛻䜘䜛 Ser45 䝸䞁㓟໬䛿ቑຍ䛧
䛯䜎䜎䛷䛒䜚䠈β-catenin䛾ῶᑡ䛿㉳䛣䜙䛺䛛䛳䛯䠄ᅗ
5A䠅䠊䜎䛯 CK1α㜼ᐖ๣䛷䛒䜛 CKI-7 䛸 1 䛸䜢ే⏝䛩䜛䛸 1䛻䜘䜚ಁ㐍䛥䜜䛯 CK1α 䛸 GSK3β䛻䜘䜛䝸䞁㓟໬䛿ᢚไ䛥
䜜䠈β-catenin䛾ῶᑡ䜒㉳䛣䜙䛺䛛䛳䛯䠄ᅗ 5B䠅䠊siRNA䛻䜘䜚 CK1α 䜢䝜䝑䜽䝎䜴䞁䛧䛯᮲௳䛷䛿 1 䜢ῧຍ䛧䛶䜒 CK1α
䛸GSK3β䛻䜘䜛䝸䞁㓟໬䛿ㄆ䜑䜙䜜䛪䠈β-catenin䛾ῶᑡ䜒㉳䛣䜙䛺䛛䛳䛯䠄ᅗ 5C䠅䠊䛥䜙䛻 1䛿GSK3β䛾䝍䞁䝟䜽䝺䝧
䝹䛿ኚ໬䛥䛫䛪䠈CK1α䛾䝍䞁䝟䜽䝺䝧䝹䛚䜘䜃 mRNA䜢ቑຍ䛥䛫䜛䛣䛸䛜ุ᫂䛧䛯䠊௨ୖ䛾䛣䛸䛛䜙 1䛿 CK1α䜢㌿
෗䝺䝧䝹䛷ቑຍ䛥䛫䜛䛣䛸䛻䜘䜚 β-catenin 䝸䞁㓟໬䜢ಁ㐍䛩䜛䠊䛣䜜䛻䜘䜚 β-catenin䛾䝥䝻䝔䜰䝋䞊䝮⣔䛷䛾ศゎ䜢ಁ
㐍䛧䠈䛭䛾⤖ᯝ䠈Wnt䝅䜾䝘䝹䜢㜼ᐖ䛩䜛䛸♧၀䛥䜜䛯䠊
CK1α 䛻స⏝䛩䜛పศᏊ䛿䠈㥑⹸⸆䛸䛧䛶⏝䛔䜙䜜䛶䛔䜛 pyrvinium7䜔䝣䜵䝙䝹䝥䝻䝟䝜䜲䝗䛷䛒䜛 honokiol8䛜ሗ
࿌䛥䜜䛶䛔䜛䠊pyrvinium䛿 CK1α䛾㓝⣲άᛶ䜢άᛶ໬䛧䠈honokiol䛿GSK3β 䛸 CK1α䛾୧᪉䜢䝍䞁䝟䜽䝺䝧䝹䛷ቑ
ຍ䛥䛫䜛స⏝䜢䜒䛴䠊ᮏ◊✲䛷ぢฟ䛧䛯 calotropin (1)䛿䠈pyrvinium䜔 honokiol 䛸␗䛺䜚 GSK3β䛻䛿ᙳ㡪䜢୚䛘䜛䛣
䛸䛺䛟 CK1α 䜢䝍䞁䝟䜽䝺䝧䝹䛷ቑຍ䛥䛫䜛స⏝ᶵᵓ䜢䜒䛴䠊䛣䛾䜘䛖䛺స⏝䜢䜒䛴໬ྜ≀䛿䛣䜜䜎䛷䛻ሗ࿌䛜䛺䛟䠈
calotropin (1)䛿䝴䝙䞊䜽䛺స⏝ᶵᵓ䜢䜒䛴໬ྜ≀䛸⪃䛘䜙䜜䜛䠊
5. Xylocarpus granatum䛛䜙ᚓ䜙䜜䛯Wnt䝅䜾䝘䝹㜼ᐖᡂศ 9
䝉䞁䝎䞁⛉䛻ᒓ䛩䜛䝬䞁䜾䝻䞊䝤 X. granatum䛿࿴ྡ䜢䝩䜴䜺䞁䝠䝹䜼䛸䛔䛔䠈䜰䝆䜰䠈䜰䝣䝸䜹䠈ኴᖹὒᆅᇦ䛻ᗈ䛟
ศᕸ䛩䜛䠊䝇䜽䝸䞊䝙䞁䜾ヨ㦂䛾⤖ᯝ䠈ᙉຊ䛺TCF/β-catenin㌿෗㜼ᐖάᛶ䠄TOPάᛶ㜼ᐖ䠅䜢♧䛧䛯ᮏ᳜≀ⴥ㒊䛾䝯
䝍䝜䞊䝹ᢳฟ≀䛻䛴䛔䛶άᛶ䜢ᣦᶆ䛻⁐፹ศ㓄䛺䜙䜃䛻ྛ✀䜹䝷䝮䜽䝻䝬䝖䜾䝷䝣䜱䞊䠄䝅䝸䜹䝀䝹䠈ODS䠈䝉䝣䜯䝕䝑
䜽䝇 LH-20䛺䛹䠅䛻䜘䜚ศ㞳⢭〇䜢㐍䜑䛯䛸䛣䜝䠈䝦䜻䝃䞁ྍ⁐㒊䜘䜚ᅄ✀䛾䝸䝰䝜䜲䝗㢮 (7–10)䜢༢㞳䛧䛯䠊ྛ✀஧ḟ
ඖ NMR䜔MS 䝇䝨䜽䝖䝹䝕䞊䝍䛻ᇶ䛵䛟ᵓ㐀ゎᯒ䛾⤖ᯝ䠈໬ྜ≀ 7䠈8䛿᪂つ䛷䛒䜚䠈䛭䜜䛮䜜 xylogranin A (7)䛚
䜘䜃 B (8)䛸࿨ྡ䛧䛯䠊7䛿䝯䜻䝅䜹䝜䝷䜲䝗㦵᱁䠈 8䠈9䛿䝣䝷䜾䝬䝸䞁㦵᱁䛻ศ㢮䛥䜜䜛䠊䠄ᅗ 6䠅
໬ྜ≀ 8䠈9䛾 TOPάᛶ䛾 IC50್䛿䛭䜜䛮䜜 48.9䠈54.2 nM䛷䛒䛳䛯䠊୍᪉໬ྜ≀ 7䛿㜼ᐖάᛶ䜢♧䛥䛺䛛䛳䛯䠊
໬Ꮫᵓ㐀䛻╔┠䛩䜛䛸䠈໬ྜ≀ 8䠈9䛿 8,9,30఩䛻䜸䝹䝖䜶䝇䝔䝹ᇶ䜢䜒䛴䛜䠈7䛻䛿䛺䛔䠊NOESY䛾ゎᯒ䛾⤖ᯝ䠈8
䛻䛚䛔䛶䛿 5఩䛸 17఩㛫䛻 NOE┦㛵䛜ほ 䛥䜜䠈୧⪅䛿✵㛫ⓗ䛻㏆䛔఩⨨㛵ಀ䛻䛒䜛䛣䛸䛜♧၀䛥䜜䛯䠊䛥䜙䛻䠈
ᅗ 6㻌 ໬ྜ≀ 7-10ࡢᵓ㐀ᘧ࡜DFTィ⟬
㸦B3LYP/6-31G*㸧࡟ࡼࡾᚓࡽࢀࡓ 7㸪
8ࡢᏳᐃᵓ㐀
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DFT ィ⟬䜘䜚Ᏻᐃᵓ㐀䜢᳨ウ䛧䛯䛸䛣䜝䠈໬ྜ≀ 8 䛿䛛䛤≧䛾ᙧ≧䜢䛧䛶䛚䜚䠈H-5/H-17 㛫䛾㊥㞳䛿 2.8ύ䛸ẚ㍑ⓗ
㏆䛔㊥㞳䛻䛒䜛䛸ุ᫂䛧䠈7఩䛾䝯䝖䜻䝅ᇶ䛿17఩䛸ྠ䛨ഃ䠈䛩䛺䜟䛱 concaveഃ䛻Ꮡᅾ䛩䜛䛣䛸䛜♧၀䛥䜜䛯䠊୍᪉䠈
7䛻䛚䛔䛶䛿 H-5/H-17㛫䛾㊥㞳䛜 6.9ύ䛷䛒䜛䛣䛸䠈䛚䜘䜃 7఩䛾䝯䝖䜻䝅ᇶ䛜 17఩䛸䛿㏫ഃ䠄convexഃ䠅䛻Ꮡᅾ䛩
䜛䛣䛸䛜♧၀䛥䜜䠄ᅗ 6䠅䠈䛣䜜䜙䛾ᵓ㐀ⓗ䛺㐪䛔䛜 7䠈8䛾άᛶ䛾㐪䛔䛻ᐤ୚䛧䛶䛔䜛䛸᥎ᐃ䛧䛯䠊
໬ྜ≀ 8, 9 䛻䛴䛔䛶኱⭠䛜䜣⣽⬊䠄SW480䠈HCT116䠈DLD1䠅䛻ᑐ䛩䜛⣽⬊ẘᛶ䜢᳨ウ䛧䛯䛸䛣䜝䠈䛣䜜䜙䛾໬ྜ
≀䛿ẚ㍑ᑐ㇟䛸䛧䛶䛒䜟䛫䛶ホ౯䛧䛯䝠䝖⫾ඣ⭈⣽⬊ HEK293 ⣽⬊䛻ẚ䜉䠈Wnt ౫Ꮡᛶ䛾 SW480 䛸 HCT116 ⣽⬊
䛻ᑐ䛧䛶䜘䜚ᙉ䛔⣽⬊ẘᛶ䜢♧䛧䛯䠊
ḟ䛻䠈໬ྜ≀ 8 䛾స⏝䜢᫂䜙䛛䛻䛩䜛┠ⓗ䛷䠈SW480 ⣽⬊䜢⏝䛔௨ୗ䛾ゎᯒ䜢⾜䛳䛯䠊β-catenin 䛾䝍䞁䝟䜽䝺䝧
䝹䜢᳨ウ䛧䛯䛸䛣䜝䠈⣽⬊㉁䛷䛿㢧ⴭ䛺ኚ໬䛿♧䛥䛺䛛䛳䛯䛜䠈᰾ෆ䛻䛚䛔䛶䛿⃰ᗘ౫Ꮡⓗ䛻ῶᑡ䛧䛯䠄ᅗ 7A䠅䠊䜎
䛯䠈ච␿ᰁⰍἲ䛻䜘䜚 β-catenin 䛾ᒁᅾ䜢ほᐹ䛧䛯䛸䛣䜝䠈ᑐ↷⩌䛷䛿᰾ෆ䛻ㄆ䜑䜙䜜䛯 β-catenin䛜䠈8 䛾ῧຍ䛻䜘䜚
᰾䛛䜙ῶᑡ䛩䜛ഴྥ䛜ㄆ䜑䜙䜜䛯䠊௨ୖ䛾䛣䛸䛛䜙 8 䛿䠈᰾䛾 β-catenin 䛾⵳✚䜢ᢚไ䛩䜛స⏝䜢䜒䛴䛸⪃䛘䜙䜜䛯䠊
䛥䜙䛻Wnt䝅䜾䝘䝹䛾ᶆⓗ㑇ఏᏊ䛷䛒䜛 c-myc䛚䜘䜃 PPARδ䛻ᑐ䛩䜛ᙳ㡪䜢᳨ウ䛧䛯䛸䛣䜝䠈8 䛿 200 nM䛻䛚䛔
䛶⣽⬊඲య䛚䜘䜃᰾䛾 c-myc䠈PPARδ䜢䝍䞁䝟䜽䝺䝧䝹䛷ῶᑡ䛥䛫䛯䠄ᅗ 7B䠅䠊䜎䛯䠈8䛿ప⃰ᗘ䠄50-100 nM䠅䛻䛚䛔
䛶䛿 c-myc䛾 mRNA䜢ቑຍ䛥䛫䜛䜒䛾䛾䠈200 nM䛻䛚䛔䛶䛿䠈c-myc䠈PPARδ䛾 mRNA䜢ῶᑡ䛥䛫䛯䠊௨ୖ䛾䛣䛸
䛛䜙 8䛿Wnt䝅䜾䝘䝹䛾㌿෗άᛶ໬ᅉᏊ䛷䛒䜛 β-catenin䛾᰾ෆ䛷䛾⵳✚䜢㜼ᐖ䛩䜛䛣䛸䛻䜘䜚Wnt䝅䜾䝘䝹䛾ᶆⓗ
㑇ఏᏊ䛾㌿෗䜢ᢚไ䛧䠈Wnt䝅䜾䝘䝹䜢㜼ᐖ䛩䜛䛣䛸䛜♧၀䛥䜜䛯䠊
䝸䝰䝜䜲䝗໬ྜ≀䛿⣽⬊ẘᛶ䜢䛿䛨䜑䠈᪻⹸䛻䛚䛡䜛ᦤ㣗㜼ᐖస⏝䛺䛹ᵝ䚻䛺⏕≀άᛶ䜢䜒䛴䛣䛸䛜ሗ࿌䛥䜜䛶䛔
䜛䛜 10䠈Wnt䝅䜾䝘䝹䛾㜼ᐖస⏝䛻㛵䛩䜛ሗ࿌䛿௒ᅇ䛜ึ䜑䛶䛷䛒䛳䛯䠊
8䠈9䛾䜘䛖䛺䜸䝹䝖䜶䝇䝔䝹ᇶ䜢䜒䛴䝣䝷䜾䝬䝸䞁ᆺ䝸䝰䝜䜲䝗䛿 X. granatum䛚䜘䜃䛭䛾㏆⦕✀䜘䜚ᩘ✀ሗ࿌䛥䜜䛶
䛚䜚 10, 11䠈䛭䛾άᛶᵓ㐀┦㛵䛻⯆࿡䛜ᣢ䛯䜜䜛䠊
6. Eurycoma longifolia䛛䜙ᚓ䜙䜜䛯Wnt䝅䜾䝘䝹㜼ᐖᡂศ 12
E. longifolia 䛿䠈ᮾ༡䜰䝆䜰䛻ᗈ䛟ศᕸ䛩䜛䝙䜺䜻⛉䛾℺ᮌ䛷䠈䝬
䝺䞊䝅䜰䛷䛿䝖䞁䜹䝑䝖䜰䝸䠄Tongkat Ali䠅䛸࿧䜀䜜䠈ᙉኊ䜔ゎ⇕䛺䛹䜢
┠ⓗ䛻Ẹ㛫⸆䛸䛧䛶⏝䛔䜙䜜䛶䛔䜛䠊䝇䜽䝸䞊䝙䞁䜾䛻䛚䛔䛶䝠䝑䝖䛧
䛯ᮏ᳜≀䛾᰿㒊䝯䝍䝜䞊䝹ᢳฟ≀䛻䛴䛔䛶䠈άᛶ䜢ᣦᶆ䛸䛧䛶ศ⏬
䜢㐍䜑䛯䛸䛣䜝䠈β 䜹䝹䝪䝸䞁ᆺ䜰䝹䜹䝻䜲䝗䛷䛒䜛 9-hydroxycanthin-6-one (11)䠈䛚䜘䜃䛭䛾㓄⢾య䛷䛒䜛
canthin-6-one 9-O-β-glucopyranoside (12)䠈䝸䝰䝜䜲䝗䛷䛒䜛 20,21,22,23-tetrahydro-23-oxoazadirone (13)䜢άᛶ໬ྜ
≀䛸䛧䛶༢㞳䛧䛯䠄ᅗ 8䠅䠊11-13䛿䛭䜜䛮䜜 6.8䠈11.6䠈3.0 μM䛷 TCF/β-catenin㜼ᐖάᛶ䜢♧䛧䛯䠊䜎䛯䠈䛣䜜䜙໬ྜ
≀䛾ྛ✀⣽⬊䛻ᑐ䛩䜛⣽⬊ẘᛶ䜢ホ౯䛧䛯䛸䛣䜝䠈Wnt౫Ꮡᛶ䛾኱⭠䛜䜣⣽⬊䛻ᑐ䛧䛶ᙉ䛔⣽⬊ẘᛶ䜢♧䛧䛯䠊䛸䛟
䛻 11䛚䜘䜃 13䛿௚䛾Wnt౫Ꮡᛶ኱⭠䛜䜣⣽⬊䛻ẚ䜉䛶 SW480⣽⬊䛻ᑐ䛧䛶䜘䜚ᙉ䛔ẘᛶ䜢♧䛧䛯䠊
ᅗ 7 A) 8ࡣ SW480⣽⬊࡟࠾࠸࡚᰾ෆ β-cateninࢆῶᑡࡉࡏࡓ
B) 8ࡢWntࢩࢢࢼࣝᶆⓗࢱࣥࣃࢡ࡬ࡢᙳ㡪
ᅗ 8㻌 ໬ྜ≀ 11-13䛾ᵓ㐀ᘧ
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䛣䛾䛖䛱 11䛻䛴䛔䛶䠈స⏝ᶵᗎ䛾ゎᯒ䜢㐍䜑䛯䠊β-catenin㔞䜈䛾ᙳ㡪䜢᳨ウ䛧䛯䛸䛣䜝䠈ᮏ໬ྜ≀䛿⣽⬊㉁䠈᰾䠈
୧᪉䛻䛚䛔䛶 β-catenin 㔞䜢ῶᑡ䛥䛫䛯䠊ḟ䛻䝸䞁㓟໬䜈䛾ᙳ㡪䜢᳨ウ䛧䛯䛸䛣䜝䠈 11 䛿 GSK3β 䛻䜘䜛䝸䞁㓟໬
䠄p-β-catenin䠄S33/S37/T41䠅䠅䜢ቑຍ䛥䛫䛯䠊䛧䛛䛧 CK1α 䛻䜘䜛䝸䞁㓟໬䠄p-β-catenin 䠄S45䠅䠅䛿ኚ໬䛧䛶䛚䜙䛪䠈䛥䜙
䛻GSK3β䠈CK1α⮬య䛾䝍䞁䝟䜽㔞䜒ኚ໬䛧䛶䛔䛺䛛䛳䛯䠊䛣䛾⤖ᯝ䛛䜙䠈11䛿䠈GSK3β䛾㓝⣲άᛶ䜢ቑຍ䛥䛫䜛䛣䛸
䛜᥎ᐃ䛥䜜䛯䠄ᅗ 9A䠅䠊䛣䛾௬ㄝ䛿௨ୗ䛻♧䛩GSK3β䛾 siRNA䛻䜘䜛䝜䝑䜽䝎䜴䞁ᐇ㦂䛛䜙ᨭᣢ䛥䜜䛯䠊11䛿 control 
siRNA䛾Ꮡᅾୗ䛷䛿 β-catenin䜢ῶᑡ䛥䛫䛯䛜䠈GSK3β siRNAᏑᅾୗ䛷䛿 11䛻䜘䜚ㄏᑟ䛥䜜䛯 β-catenin䛾ῶᑡ䛿
ᡴ䛱ᾘ䛥䜜䛯䠊Ser 9ṧᇶ䛜䝸䞁㓟໬䛥䜜୙άᛶ໬䛥䜜䛯 GSK3β䠄p-GSK3β䠄S9䠅䠅䝺䝧䝹䛻䛴䛔䛶ㄪ䜉䛯䛸䛣䜝䠈11䛿
control siRNA䛾Ꮡᅾୗ䛷䛿ῶᑡ䛧䛶䛔䛯䠊䛣䛾᮲௳䛷䛿GSK3β䛾䝍䞁䝟䜽䝺䝧䝹䛿ኚ໬䛧䛶䛔䛺䛛䛳䛯䛣䛸䛛䜙䠈11
䛿 GSK3β 䜢άᛶ໬䛧䠈β-catenin䛾䝸䞁㓟໬䜢ಁ㐍䛩䜛䛣䛸䛷 β-catenin䛾ศゎ䜢ಁ㐍䛩䜛䜒䛾䛸♧၀䛥䜜䛯䠄ᅗ 9B䠅䠊
๓㏙䛾䜘䛖䛻 β-catenin䛾ศゎ䛻䛿 GSK3β䛻䜘䜛 Ser33䠈Ser37䠈Thr41ṧᇶ䛾䝸䞁㓟໬䛻ඛ❧䛱䠈䝥䝷䜲䝭䞁䜾䜻䝘䞊
䝊 CK1α䛻䜘䜛 Ser45ṧᇶ䛾䝸䞁㓟໬䛜ᚲせ䛷䛒䜛䛸⪃䛘䜙䜜䛶䛔䜛䠊䛩䛺䜟䛱 β-catenin䛾ศゎ䛿 CK1α䛻౫Ꮡ䛧䛯
ᶵᵓ䛷䛒䜛䛸⪃䛘䜙䜜䛶䛔䜛䠊䛧䛛䛧䠈11 䛿 p-β-catenin䠄S45䠅䜢ቑຍ䛥䛫䜛䛣䛸䛺䛟䠈p-β-catenin䠄S33/S37/T41䠅䜢ቑຍ
䛥䛫䛶䛔䛯䠊䛧䛯䛜䛳䛶䠈CK1α 䛻౫Ꮡ䛧䛺䛔 β-catenin 䛾ศゎᶵᵓ䛾Ꮡᅾ䛜⪃䛘䜙䜜䛯䠊䛭䛣䛷䠈CK1α 䛾 siRNA 䜢
⏝䛔䛯䝜䝑䜽䝎䜴䞁ᐇ㦂䜢⾜䛳䛯䠊䛭䛾⤖ᯝ䠈control siRNAᏑᅾୗ䛻ㄆ䜑䜙䜜䛯 11䛻䜘䜛 p-β-catenin䠄S33/S37/T41䠅
䛾ቑຍ䛸䠈β-catenin䛾ῶᑡ䛿䠈CK1α siRNAᏑᅾୗ䛻䛚䛔䛶䜒ྠᵝ䛻ㄆ䜑䜙䜜䛯䠄ᅗ 9C䠅䠊௨ୖ䛾䛣䛸䛛䜙 11䛻䜘䜛
β-catenin䛾ศゎಁ㐍䛻䛿 CK1α䛜㛵୚䛫䛪䠈GSK3β䛾άᛶ໬䜢௓䛧䛶Wnt䝅䜾䝘䝹䜢㜼ᐖ䛧䛶䛔䜛䛣䛸䛜♧၀䛥䜜
䛯䠊䛣䛾䜘䛖䛺స⏝䜢䜒䛴໬ྜ≀䛿⌧ᅾ䛾䛸䛣䜝ሗ࿌䛥䜜䛶䛚䜙䛪䠈䜎䛯䠈CK1α㠀౫Ꮡⓗ䛻 β-catenin䜢ศゎ䛩䜛ᶵᵓ
䛻䛴䛔䛶䜒ሗ࿌䛜䛺䛔䛣䛸䛛䜙䠈ᮏ໬ྜ≀䛾స⏝䛿⯆࿡῝䛔䜒䛾䛸⪃䛘䜙䜜䜛䠊
ḟ䛻ᮏ໬ྜ≀䛾స⏝䛻䛴䛔䛶䝊䝤䝷䝣䜱䝑䝅䝳䜢⏝䛔䛯 in vivoᐇ㦂䛻䛚䛔䛶᳨ウ䛧䛯䛸䛣䜝䠈ᮏ໬ྜ≀䛾ᢞ୚䛻䜘䜚䠈
୰⬻ᚋ⬻ቃ⏺䠄MHB䠖mid-hindbrain boundary䠅䛾ᙧᡂ୙඲䠈Ⰽ⣲⣽⬊䛾㢧ⴭ䛺ῶᑡ䜔䠈ᑿ㒊䛾ᒅ᭤䛺䛹䛾Wnt䝅䜾
䝘䝹㜼ᐖ䛸㛵㐃䛩䜛⾲⌧ᆺ䠄䝣䜵䝜䝍䜲䝥䠅䛾ኚ໬䛜ㄆ䜑䜙䜜䛯䠊䛥䜙䛻䝊䝤䝷䝣䜱䝑䝅䝳䛻䛚䛡䜛 Wnt 䝅䜾䝘䝹䛾ᶆⓗ
㑇ఏᏊ䛷䛒䜛 zic2a䛚䜘䜃 mitf䛻ᑐ䛩䜛ᙳ㡪䜢 in situ hybridization䜢⏝䛔䛶ㄪ䜉䛯䛸䛣䜝䠈䛣䜜䜙ᶆⓗ㑇ఏᏊ䛾Ⓨ⌧
䛾పୗ䛜☜ㄆ䛷䛝䛯䠊zic2a 䠄zinc finger protein of the cerebellum 2a䠅䛿୰⬻䛾Ⓨ㐩䛻㛵୚䛧䛶䛚䜚䠈୰⬻ど⵹䛺䛹
䛷Ⓨ⌧䛜ㄆ䜑䜙䜜䜛䠊䜎䛯䠈mitf䠄microphthalmia-associated transcription factor䠅䛿⚄⤒ሐ⣽⬊䛻Ⓨ⌧䛜ㄆ䜑䜙䜜䠈⚄
⤒ሐ⣽⬊䛛䜙Ⰽ⣲⣽⬊䜈䛾ศ໬ㄏᑟ䜢ไᚚ䛩䜛䛣䛸䛜▱䜙䜜䛶䛔䜛䠊䛣䜜䜙ᶆⓗ㑇ఏᏊ䛾పୗ䛜๓㏙䛾䝣䜵䝜䝍䜲䝥
䛾ኚ໬䜈ᐤ୚䛧䛶䛔䜛䛣䛸䛜♧၀䛥䜜䛯䠊๓㏙䛧䛯㏻䜚䠈11 䛿 in vitro ᐇ㦂䛻䛚䛔䛶 GSK3β 䛾άᛶ໬䜢௓䛧䛶 Wnt
䝅䜾䝘䝹䜢㜼ᐖ䛧䛶䛔䜛䛣䛸䛜♧၀䛥䜜䛯䠊䛭䛣䛷䝊䝤䝷䝣䜱䝑䝅䝳䛻䛚䛡䜛 11䛾Wnt㜼ᐖస⏝䛜 GSK3β䛻㛵୚䛧䛶
ᅗ 9㻌 11ࡢ SW480⣽⬊࡟࠾ࡅࡿ β-cateninࡢศゎ㸪ࣜࣥ㓟໬➼࡟ᑐࡍࡿᙳ㡪
A) ࣜࣥ㓟໬࡟ᑐࡍࡿ᳨ウ B) GSK3βࢆ⏝࠸ࡓ᳨ウ C) CK1α siRNAࢆ⏝࠸ࡓ᳨ウ
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䛔䜛䛛䜢᳨ウ䛩䜛┠ⓗ䛷䠈GSK3β 㜼ᐖ๣䛷
䛒䜛 BIO䠄6-bromo-indirubin-3'-oxime䠅䜢⏝
䛔᳨ウ䜢⾜䛳䛯䠊Wnt 䝅䜾䝘䝹䛾άᛶ໬䛻
䜘䜚ㄆ䜑䜙䜜䜛䝊䝤䝷䝣䜱䝑䝅䝳䛾䝣䜵䝜䝍䜲䝥
䛾ኚ໬䛸䛧䛶┠䛾ᙧᡂ୙඲䛜▱䜙䜜䛶䛔䜛䠊
BIO༢⊂ฎ⌮䛷䛿GSK3β䛜㜼ᐖ䛥䜜䜛䛣䛸
䛻䜘䜚Wnt䝅䜾䝘䝹䛜άᛶ໬䛥䜜䜛䛯䜑䠈┠
䛾ᙧᡂ୙඲䛜☜ㄆ䛷䛝䜛䠊䛧䛛䛧䠈BIO 䛸 11 䛸䜢ే⏝䛩䜛䛸䠈┠䛾ᙧᡂ䛜ᅇ᚟䛧䛯䝣䜵䝜䝍䜲䝥䛜☜ㄆ䛷䛝䠈in vivo 䛻
䛚䛔䛶䜒ᮏ໬ྜ≀䛿 GSK3β 䜢௓䛧䛶Wnt䝅䜾䝘䝹䜢㜼ᐖ䛧䛶䛔䜛䛣䛸䛜♧၀䛥䜜䛯䠄ᅗ 10䠅䠊䛣䜜䜙䛾⤖ᯝ䜢⥲ྜ䛩
䜛䛸䠈ᮏ໬ྜ≀䛿 in vivo䠈in vitro཮᪉䛻䛚䛔䛶GSK3β䛾άᛶ໬䜢௓䛧䛶Wnt䝅䜾䝘䝹䜢㜼ᐖ䛧䛶䛔䜛䛸⪃䛘䜙䜜䛯䠊
7. Azadirachta excelsa䛛䜙ᚓ䜙䜜䛯Wnt䝅䜾䝘䝹㜼ᐖస⏝䜢䜒䛴໬ྜ≀ 13
A. excelsa 䠄䝉䞁䝎䞁⛉䠅䛾ᯝᐇ䝯䝍䝜䞊䝹ᢳฟ≀䛿䠈10 μg/mL䛻䛚䛔䛶 TOPάᛶ䜢⣙ 80%㜼ᐖ䛧䛯䠊TOP
άᛶ䜢ᣦᶆ䛸䛧䛶䠈⁐፹ศ㓄䠈䝅䝸䜹䝀䝹䜹䝷䝮䠈㏫┦HPLC䛺䛹䛻䜘䜚ᮏᢳฟ≀䛾ศ⏬䜢㐍䜑䛯䠊䛭䛾⤖ᯝ䠈ά
ᛶᡂศ䛸䛧䛶᪂つ໬ྜ≀ 14
䜢ྵ䜐ඵ✀䛾໬ྜ≀ (14–
21) 䜢ᚓ䛯䠄ᅗ 11䠅䠊᰾☢Ẽ
ඹ㬆䠄NMR䠅䠈㉁㔞ศᯒ䠄MS䠅
䛺䛹䛾ྛ✀䝇䝨䜽䝖䝹䝕䞊䝍
䛾ゎᯒ䛻ᇶ䛵䛝䠈䛣䜜䜙໬ྜ
≀䛾ᵓ㐀Ỵᐃ䠈ྠᐃ䜢⾜䛳䛯䠊
䛣䜜䜙໬ྜ≀䛾 TOP 㜼ᐖస
⏝䛿䠈7,14-oxetane, 15-䝠䝗䝻
䜻䝅య䛷䛒䜛 14 (IC50 = 33.7 
μM), 15 (20 μM)䛚䜘䜃䠈15-
䜿䝖䠈7-䝠䝗䝻䜻䝅య䛷䛒䜛 20 (14.8 μM), 21 (36.7 μM)䛷䛿୰⛬ᗘ䛷䛒䛳䛯䛜䠈14,15-epoxy, 7-䝠䝗䝻䜻䝅య䛷䛒䜛
16–19䛷䛿 nM䜸䞊䝎䞊䛸ᙉຊ䛷䛒䛳䛯 (16; 127 nM, 17; 300 nM, 18; 252 nM, 19; 121 nM)䠊
䛣䛾䛖䛱䠈17 䛻䛴䛔䛶⣽⬊ቑṪ䛜 Wnt 䝅䜾䝘䝹౫Ꮡᛶ䛷䛒䜛䛜䜣⣽⬊䛻ᑐ䛩䜛⣽⬊ẘᛶ䜢᳨ウ䛧䛯䛸䛣䜝䠈
AGS䠄䝠䝖⫶䛜䜣䠅䠈HCT116䠄䝠䝖኱⭠䛜䜣䠅⣽⬊䛻ᑐ䛩䜛 IC50್䛿䛭䜜䛮䜜 239 nM䠈161 nM 䛷䛒䛳䛯䠊୍᪉
Wnt 䝅䜾䝘䝹౫Ꮡᛶ䛷䛒䜛䝠䝖኱⭠䛜䜣 SW480 䛚䜘䜃 DLD1䠈䛚䜘䜃 Wnt 㠀౫Ꮡᛶ䛷䛒䜛䝠䝖኱⭠䛜䜣 RKO
⣽⬊䛻ᑐ䛩䜛 IC50್䛿 400 nM௨ୖ䛷䛒䛳䛯䠊䜴䜵䝇
䝍䞁䝤䝻䝑䝖䛻䜘䜚䛥䜙䛺䜛ゎᯒ䜢㐍䜑䛯⤖ᯝ䠈17 䛿
Wnt䝅䜾䝘䝹䛾㌿෗άᛶ໬ᅉᏊ β-catenin䛾⣽⬊㉁
䛚䜘䜃᰾䛷䛾䝍䞁䝟䜽䝺䝧䝹䜢ῶᑡ䛥䛫䜛䛣䛸䛺䛟䠈
Wnt 䝅䜾䝘䝹䛾ᶆⓗ䝍䞁䝟䜽䛷䛒䜛 c-myc 䛾᰾ෆ䝺
䝧䝹䜢ῶᑡ䛥䛫䜛䛣䛸䛷䠈Wnt 䝅䜾䝘䝹䜢㜼ᐖ䛩䜛䛸
♧၀䛥䜜䛯䠄ᅗ 12䠅䠊
ᅗ 11㻌 ໬ྜ≀ 14–21䛾ᵓ㐀ᘧ
ᅗ 12 18䛾 β-catenin䠈c-myc䛻ᑐ䛩䜛ᙳ㡪㸦HCT116⣽⬊㸧
ᅗ 10㻌 ࢮࣈࣛࣇ࢕ࢵࢩࣗ࡟࠾ࡅࡿ BIOㄏⓎ║ᙧᡂ୙඲࡟ᑐࡍࡿ 11ࡢᙳ㡪
㸫㸫
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8. Ricinus communis䛛䜙ᚓ䜙䜜䛯Wnt䝅䜾䝘䝹άᛶ໬స⏝䜢䜒䛴໬ྜ≀ 14
ᮏ䝇䜽䝸䞊䝙䞁䜾◊✲䛷䛿䠈Wnt㜼ᐖ䜢♧䛩໬ྜ≀䛰䛡䛷䛿䛺䛟䠈άᛶ
໬䛩䜛໬ྜ≀䜒ぢฟ䛧䛯䠊R. communis 䠄䝖䜴䝎䜲䜾䝃⛉䠅䛾ⱼ㒊䝯䝍䝜䞊
䝹ᢳฟ≀䛿䠈10 μg/mL䛻䛚䛔䛶⣙ 80%TOPάᛶ䜢ୖ᪼䛥䛫䜛స⏝䜢♧
䛧䛯䠊TOP άᛶ䜢ᣦᶆ䛸䛧䛶ศ⏬䜢㐍䜑䛯⤖ᯝ䠈άᛶᡂศ䛸䛧䛶 ricinin 
(22), 7-oxo-β-sitosterol (23) 䜢ྵ䜐ᅄ✀䛾ᡂศ䜢ศ㞳䛧䛯䠄ᅗ 13䠅䠊22䛚
䜘䜃 23䛿䜰䝑䝉䜲⣽⬊䛾⣽⬊⏕Ꮡ⋡䜢㢧ⴭ䛻ቑຍ䛥䛫䜛䛣䛸䛺䛟 TOPά
ᛶ䜢ୖ᪼䛥䛫䛯䠊䜎䛯䠈䛣䜜䜙໬ྜ≀䛿 FOPάᛶ䜢ኚ໬䛥䛫䛺䛛䛳䛯䛣䛸䛛䜙 TCF/β-catenin㌿෗άᛶ໬స⏝䜢
䜒䛴䛣䛸䛜♧၀䛥䜜䛯䠊
䛣䛾䛖䛱22䛾స⏝䛻䛴䛔䛶䛥䜙䛻
᳨ウ䜢㐍䜑䛯⤖ᯝ䠈22 䛿 STF/293
⣽⬊䛻䛚䛔䛶⣽⬊඲య䠈⣽⬊㉁䠈
᰾䛻䛚䛔䛶 β-catenin 䛾䝍䞁䝟䜽㔞
䜢ቑຍ䛥䛫䛯䠊ḟ䛻 β-catenin䛾䝸䞁
㓟໬䝺䝧䝹䜢ㄪ䜉䛯⤖ᯝ䠈CK1α
䛚䜘䜃 GSK3β䛻䜘䜛 β-catenin䛾䝸
䞁㓟໬䛿㢧ⴭ䛻ῶᑡ䛧䛶䛔䛯䜒䛾
䛾䠈䛣䜜䜙䜻䝘䞊䝊䛾䝍䞁䝟䜽䝺䝧
䝹䛾ኚ໬䛿ㄆ䜑䜙䜜䛺䛛䛳䛯䠄ᅗ 14A䠅䠊䛣䛾⤖ᯝ䛛䜙 22䛜 CK1α䛾㓝⣲άᛶ䜢㜼ᐖ䛧䛶䛔䜛ྍ⬟ᛶ䛜⪃䛘䜙䜜䛯
䛯䜑䠈CK1α䛾άᛶ໬స⏝䜢䜒䛴 pyrvinium䜢⏝䛔᳨ウ䛧䛯䠊䛭䛾⤖ᯝ䠈22䛸 pyrvinium䛸䛾ే⏝䛻䜘䜚䠈pyrvinium 
༢⊂ฎ⌮䛻䜘䜚ᘬ䛝㉳䛣䛥䜜䛯 β-catenin䛾ῶᑡ䛸 CK1α䛻䜘䜛 β-catenin䛾䝸䞁㓟໬䛾ቑຍ䛜ᡴ䛱ᾘ䛥䜜䛯䛣䛸䛛䜙
䠄ᅗ 14B䠅䠈22䛿CK1α䛾㓝⣲άᛶ䜢㜼ᐖ䛧䛶䛔䜛䛣䛸䛜♧၀䛥䜜䛯䠊䛥䜙䛻䝊䝤䝷䝣䜱䝑䝅䝳⬇䜢⏝䛔䛯 in vivo䛷䛾
స⏝䜢᳨ウ䛧䛯䛸䛣䜝䠈22䛿 β-catenin䜢ቑຍ䛥䛫䜛䛣䛸䛜ุ᫂䛧䛯䠊
㻌 9. 䛚䜟䜚䛻
௨ୖ䠈ᡃ䚻䛾◊✲䛷ぢฟ䛧䛯 Wnt 䝅䜾䝘䝹䛻స⏝䛩䜛⏕≀άᛶኳ↛≀䛸䛭䜜䜙䛾άᛶⓎ⌧ᶵᵓ䛻䛴䛔䛶⤂௓䛧
䛯䠊ᚓ䜙䜜䛯୍㒊䛾άᛶኳ↛≀䛻䛴䛔䛶䛿䛭䛾స⏝ᶵᗎ䛾୍➃䜢᫂䜙䛛䛻䛩䜛䛣䛸䛜䛷䛝䛯䠊䛭䛾స⏝ᶵᗎ䜢
β-catenin䛻ᑐ䛩䜛ᙳ㡪䛻↔Ⅼ䜢ᙜ䛶䛶䜎䛸䜑䜛䛸௨ୗ䛾䜘䛖䛻䛺䜛䠊
1) β-catenin 䛾ศゎ䛻స⏝䛩䜛䠖 1 䛿 CK1α 䜢㌿෗䝺䝧䝹䛷ቑຍ䛥䛫䠈β-catenin 䛾䝸䞁㓟໬䠈ศゎ䜢ಁ㐍䛧䠈Wnt
䝅䜾䝘䝹䜢㜼ᐖ䛩䜛䠊11 䛿 GSK3β 䛾άᛶ໬䛻䜘䜚 β-catenin 䛾䝸䞁㓟໬䠈ศゎ䜢ಁ㐍䛧䠈Wnt 䝅䜾䝘䝹䜢㜼ᐖ䛩䜛䠊
22䛿 CK1α䛾㓝⣲άᛶ䜢㜼ᐖ䛩䜛䛣䛸䛻䜘䜚䠈β-catenin䛾䝸䞁㓟໬䠈ศゎ䜢ᢚไ䛧䠈Wnt䝅䜾䝘䝹䜢άᛶ໬䛩䜛䠊
2) β-catenin䛾᰾ෆ⵳✚䛻స⏝䛩䜛䠖 8䛿 β-catenin䛾᰾ෆ⵳✚䜢ᢚไ䛩䜛䠊
3) β-catenin䛾䝍䞁䝟䜽䝺䝧䝹䛻䛿ᙳ㡪䛧䛺䛔䠖 17䛿 β-catenin䝺䝧䝹䜢ኚ໬䛥䛫䛺䛛䛳䛯䛜䠈Wnt䝅䜾䝘䝹䛾ᶆⓗ
㑇ఏᏊ䛾Ⓨ⌧䜢పୗ䛥䛫䜛䛸♧၀䛥䜜䛯䠊
䛣䛾䜘䛖䛻䠈ᮏ◊✲䛷䛿 β-catenin 䛻ᑐ䛧䛶ᵝ䚻䛺స⏝Ⅼ䛷ᙳ㡪䛧 Wnt 䝅䜾䝘䝹䛻స⏝䛩䜛⏕≀άᛶኳ↛≀䜢ぢ
ฟ䛧䛯䠊Wnt 䝅䜾䝘䝹䛻ᑐ䛧䛶స⏝䛩䜛་⸆ရ䛿䛔䜎䛰ୖᕷ䛥䜜䛯䜒䛾䛿䛺䛟䠈⌧ᅾ䛔䛟䛴䛛䛾⸆≀䛾⮫ᗋヨ㦂䛜
⾜䜟䜜䛶䛔䜛䠊䜎䛯䠈Wnt䝅䜾䝘䝹⤒㊰䛾ไᚚᶵᵓ䛿䛔䜎䛰୙᫂䛺㒊ศ䜒ከ䛔䛸䛥䜜䛶䛔䜛䠊Wnt䝅䜾䝘䝹䛻స⏝䛩
ᅗ 14 22䛾 STF/293⣽⬊䛻䛚䛡䜛 β-cateninࡢศゎ㸪ࣜࣥ㓟໬➼࡟ᑐࡍࡿᙳ㡪
A) ࣜࣥ㓟໬࡟ᑐࡍࡿ᳨ウ B) pyrviniumࢆ⏝࠸ࡓ᳨ウ
ᅗ 13㻌 ໬ྜ≀ 22䠈23䛾ᵓ㐀ᘧ
㸫㸫
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䜛పศᏊ໬ྜ≀䛾᥈⣴䛿⢭ຊⓗ䛻⾜䜟䜜䛶䛔䜛䜒䛾䛾䛭䛾ከ䛟䛜ྜᡂ໬ྜ≀䜢ᑐ㇟䛸䛧䛯䜒䛾䛷䛒䜚䠈ኳ↛≀䜢ᑐ
㇟䛸䛧䛯 Wnt 䝅䜾䝘䝹䛻స⏝䛩䜛ኳ↛≀䛾᥈⣴౛䛿ከ䛟䛺䛔䠊௒ᅇ⤂௓䛧䛯໬ྜ≀䜔䛭䛾㛵㐃໬ྜ≀䜢ά⏝䛧䛶
Wnt䝅䜾䝘䝹䛾ᮍゎ᫂䛺㒊ศ䜢᫂䜙䛛䛩䜛䛣䛸䛻䜘䜚䠈⏕࿨⛉Ꮫ◊✲䜔་⸆ရ㛤Ⓨ䜈㈉⊩䛧䛯䛔䠊
㻌 ㅰ㎡䠖ᮏ◊✲䛿༓ⴥ኱Ꮫ኱Ꮫ㝔⸆Ꮫ◊✲㝔 άᛶᵓ㐀໬Ꮫ◊✲ᐊ䛷䛒䜛䠊䛤ᣦᑟ䛔䛯䛰䛝䜎䛧䛯▼ᶫṇᕫᩍᤵ䠈Ⲩ஭⥳
෸ᩍᤵ䛻῝䛟ឤㅰ⏦䛧ୖ䛢䜎䛩䛸䛸䜒䛻䠈◊✲ᐊ䝯䞁䝞䞊䛾ດຊ䛻῝䛟ឤㅰ䛔䛯䛧䜎䛩䠊ᮏ◊✲䜢㐙⾜䛩䜛䛻䛒䛯䜚䠈᳜≀
᥇ྲྀ䛻䛤༠ຊ䛟䛰䛥䛔䜎䛧䛯䜽䝹䝘኱Ꮫ䠄䝞䞁䜾䝷䝕䝅䝳䠅Samir K. Sadhuᩍᤵ䠈䝎䝑䜹኱Ꮫ䠄䝞䞁䜾䝷䝕䝅䝳䠅Firoj Ahmedᩍ
ᤵ䠈䝔䝮䝁䞉䝁䞊䝫䝺䞊䝅䝵䞁ᑠ㇂㔝ႛ༤ኈ䠈䝁䞁䜿䞁኱Ꮫ䠄䝍䜲䠅Thaworn Kowithayakorn ᩍᤵ䠈STF/293 ⣽⬊䜢䛤ᜨ୚䛟䛰
䛥䛔䜎䛧䛯䝆䝵䞁䝩䝥䜻䞁䝇኱Ꮫ Jeremy Nathans ᩍᤵ䠈SuperFOP-Flash 䝥䝷䝇䝭䝗䜢䛤ᜨ୚䛟䛰䛥䛔䜎䛧䛯䝽䝅䞁䝖䞁኱Ꮫ
Randall Moon ᩍᤵ䛻ᚰ䛛䜙ឤㅰ⏦䛧ୖ䛢䜎䛩䠊䝊䝤䝷䝣䜱䝑䝅䝳䛾ᐇ㦂䛻㝿䛧䜎䛧䛶ከ኱䛺䛤ᣦᑟ䠈䛤ᨭ᥼䜢䛔䛯䛰䛝䜎䛧
䛯༓ⴥ኱Ꮫ኱Ꮫ㝔⸆Ꮫ◊✲㝔 ⏕໬Ꮫ◊✲ᐊ䛾ఀ⸨⣲⾜ᩍᤵ䠈⁁ཱྀ㈗ṇ༤ኈ䛻῝ㅰ䛔䛯䛧䜎䛩䠊ᮏ◊✲㐙⾜䛻ᙜ䛯䜚䛤
ᨭ᥼䜢㈷䜚䜎䛧䛯᪥ᮏᏛ⾡᣺⯆఍⛉Ꮫ◊✲㈝䠈䝁䝇䝯䝖䝻䝆䞊◊✲᣺⯆㈈ᅋ䠈℈ཱྀ⏕໬Ꮫ᣺⯆㈈ᅋ䠈Ṋ⏣⛉Ꮫ᣺⯆㈈ᅋ䛻
ឤㅰ䛔䛯䛧䜎䛩䠊
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